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ABSTRACT 


The  successful  synthesis  of  halogenated  polyurethane  resins  for  laalnatlng 
Is  reported.  The  test  results  Indicate  that  halogen  groupings  In  a  polyurethane 
resin,  tend  to  Increase  the  theraal  stability  of  the  resulting  laolnate  and  to 
Increase  the  pot-llfe  of  the  resin. 

Future  efforts  will  be  directed  toward  Improving  stability  above  300*P 
of  the  polyurethane  structural  laminate. 

A  patent  pertaining  to  the  technique  of  formulating  polyurethane  resins 
has  been  allowed  to  Mr.  A.  P.  Bonannl.  This  patent  will  be  Issued  soon. 
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I.  IBTRODUCTIOH  ' 

A.  This  Is  the  final  report  under  problem  asslgmaent  C  09  RMA 
WEPTASK  RRMA  03  017/200  1/R007  Oi^  01  which  was  authorized  by  reference  (a). 
Early  experimentation  (references  (b),  (c),  (d)  and  (e))  Indicated  that  the 
formulation  of  a  polyurethane  resin  suitable  for  preparing  a  reinforced 
laminate  was  feasible.  Also,  that  2-butene-l,4-dlol  when  reacted  with 
tolylene>dl Isocyanate  (TDI)  produced  the  best  physical  properties  in  a  poly¬ 
urethane  structural  laminate.  This  study  pertains  to  the  reaction  of 
halogenated  dlols  with  TDI,  to  Increase  the  pot-life  of  the  polyurethane 
resin,  and  to  Increase  the  thermal  stability  of  the  structural  laalBates. 
This  work  was  performed  between  February  i960  and  February  1963 • 

II.  SOiMARY  OF  RESULTS 


A.  Inproved  flexural  modulus  properties  at  elevated  teiqperatures  have 
been  attained  with  the  use  of  halogenated  groupings  In  the  polyurethane 
resins.  The  physical  properties  of  these  structural  laminates  could  be 
laprored  with  further  experimentation. 

B.  nie  pot-life,  a  problem  with  un-halogenated  diols,  is  extended  to 
several  days  with  the  use  of  halogenated  dlols. 
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III.  COWCLUSIOHS 

A.  The  thernal  stability  of  a  structural  laaiinate,  increases  vlth  the 
use  of  halogenated  diols.  Further  inq^rovenent  can  be  made  by  varying  the 
concentration  of  TDI  and  Kacconate  200.  Although  the  flexural  properties 
do  not  appear  to  be  significantly  high,  they  must  not  be  considered  as  the 
laminate's  ultimate  flexural  strength.  In  order  to  determine  their  ultimate 
flexural  strength,  a  study  must  be  made  to  determine  the  teBq;>erature,  pressure 
and  time  of  lamination. 

B.  The  pot-life  of  a  polyurethane  resin  can  be  extended  by  modifying 
the  chemical  structure  of  the  experimental  resin  using  halogenated  diols. 

lY.  RECOMCEDATIOIIS 

A.  It  is  recommended  that  a  nev  problem  assignment  be  established  to: 

1.  Determine  optimum  laminating  parameters  of  a  halogenated  diol 
and  a  dlisocysmate  resin  which  will  give  superior  physical  properties  in  a 
structural  laminate. 

2.  Ascertain  if  a  peroxide  will  increase  cross-linking  in  the 
unsaturated  polymers. 

3.  Determine  the  molecular  weight  of  a  polyurethane  resin. 

4.  Study  the  physical  properties  of  structural  laminates  formulated 
with  varying  amounts  of: 

a.  2,4-tolylene-dlisocyaaate 

b.  2-butene-l,U-diol 

c .  Halogenated  diols 

d.  3, 3 '-bitolylene-4, 4 '-diisocyanate  and  3>3'-dlmeth7ldiphenyl- 
msthane  end  the  laminating  parameters  (te^Mrature,  pressure  and  time). 


I 
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6.  Flexural  Data  for  Dlbrosnbutene  Dlol  (DBBD)  and  2,4-tolylene-dllsoc7anate 
(roi).  Tested  at  200*F  after  Exposure  to  200*F  for  l/2  hour 
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LIST  OP  PLATES 
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V.  DBSCRIPTIOW.  METHODS.  RESULTS 

A.  Description 


1.  Materials  used  In  this  In-restlgstlon  were  obtained  from  sources 
shovn  In  Plate  1.  All  the  aaterlals  reported  herein  are  nev  to  the  Inrestl- 
gatlon  of  poljrurethane  resins  vlth  the  exception  of  TDI  and  2-hutene-l,4-dlol. 

B.  Method 


1.  The  reactants  used  In  the  forsulatlon  of  the  polyurethane  resins 
reported  herein  are  TDI,  Eacconate  200  (  3>3''‘'bltolylene-4,4'-dllsoeyanate, 
Aieconate  300  (dlphenyLBethane-U,ii^'>dllsocyanate),  2>btttene-l,tv-dlol,  HFPD, 
DBBD  and  tetrachlorobutane  diol  (TCDB). 

2.  A  study  of  the  asltlng  points  of  halogenated  polyurethane  reslna 
using  the  Koffler  Hot  Stage  (Plate  2)  vas  used  to  indicate  tbs  theraal 
stability  of  the  resin.  These  softening  points  Indicated  that  the  physical 
properties  of  the  structural  laainate  should  be  Inrestigated  at  eleTated 
te^teratures.  These  results  are  reported  In  Plates  3  to  11  and  graphically 
presented  on  Plates  12  to  19.  Tests  for  the  evaluation  of  aeltlng  points 
were  performed  In  accordance  with  VADC  Technical  Report  56'*399  under  the 
title  "Test  Methods  for  Estlaatlon  of  Theraal  Behavior  of  Polyaers." 

3.  All  the  structural  laaizxates  were  prepared  using  I8I  Volan  A 
glass  cloth.  The  laalnates  were  cured  at  30  palg  and  300*F  for  30  ainutes 
and  post  cured  at  138*F  for  16  hours.  Flexural  strength  and  flexural  moduli 
tests  were  utilized  as  a  screening  measure  to  coapsure  the  different  poly¬ 
urethane  formulations;  also,  to  aaike  a  coaparison  of  the  polyurethane  resins 
at  room  teaperature  and  elevated  teaperatures  (200*F).  The  flexural  proper¬ 
ties  were  conducted  in  siccordance  with  Test  Method  Standard  Ho.  ho6,  Plasties: 
Method  of  Testing. 

C.  Results 


1.  An  examination  of  the  melting  points,  using  the  Koffler  Hot 
Stage,  Indicates  that  as  the  molar  concentration  of  TDI  Is  Increased  and 
the  alkene  dlol  (2-butene-l,4-dlol)  is  kept  constsmt,  the  softening  points 
of  the  resins  Increase  to  a  maxiaua  of  226*F  with  a  molar  construction  of 
1.2  moles  of  TDI.  But  when  a  halogenated  dlol  Is  substituted  for  the  alkene 
dlol,  the  softening  point  Increases  steadily  with  the  addition  of  more  TDI. 
The  softening  points  become  more  significant  when  polyurethane  resins  are 
synthesized  using  TDI,  halogenated  dlols  and  Iscconate  200.  These  resins  do 
not  soften,  but  begin  to  carbonize  at  372*F.  The  results  are  tabulated  and 
shown  on  Plate  2. 
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2.  An  exaadnatlon  of  the  flexural  values  at  room  teagperature, 

(Plates  3,  5,  7,  9,  and  11  to  19)  and  at  200*P  after  being  e^qposed  to  200*F 
for  1/2  hour  (Plates  U,  6,  and  10  to  I9)  Indicates  that  although  aom 
formulations  show  tea^erature  stability,  there  are  indications  that  the 
laminating  parameters  (curing  temperature,  pressure  and  time)  used  in  this 
study  are  not  the  optleum  for  the  laminates.  On  Plates  3>  11  and  12,  the 
data  shov  extremely  lov  flexure  values  for  a  polyurethane  resin  using  1.0 
mole  of  EFPD  and  1.0  mole  of  IDI;  but,  with  the  increase  of  only  a  0.10  of 
mole  of  roi,  a  flexural  value  of  90,100  psl  and  flexural  modulus  of  U.07  x 
10”  is  obtained.  When  exposed  to  200*F  for  l/2  hour  and  tested  at  200*F 
(Plates  k,  11  and  12)  a  loss  of  more  than  70^  of  the  flexural  strength  is 
seen  and  a  loss  of  only  lOfi  of  the  flexural  modulus,  (hi  Plates  ^,13  and 
l4,  using  1.0  mole  of  DBBD  and  1.1  moles  of  1DI  a  flexural  strength  of 
93»900  pal  and  a  modulus  of  U.2U  x  10”  psl  is  obtained.  When  exposed  to 
200*7  tor  1/2  hour  and  tested  at  200*F  (Plates  6,  13  and  1^)  a  loss  of  less 
than  3^  is  found  in  the  flexural  strength  and  a  loss  of  approximately  ^ 

in  the  flexural  sxidulus.  These  values  substantiate  the  theory  that  when 
halogenated  diols  are  used,  the  thermal  properties  can  be  increased. 

3.  The  pot-life  of  polyurethane  resins  is  extended  to  several  days 
when  halogenated  diols  are  used.  In  the  formulation  using  HFPD  and  TDI, 
the  resulting  polyurethane  resin  remains  a  liquid  for  several  days  provided 
the  resin  is  placed  in  an  air-tight  container  free  of  moisture.  The  formula¬ 
tions  using  DBBD  and  TDI  form  a  polyurethane  resin  vhich  solidifies  in  2  to 

3  hours  after  synthesis  but  can  be  poured  as  a  hot  melt,  provided  the  teuper- 
ature  of  the  resin  Is  maintained  betveen  190*F  to  205 *F.  Formulating  TDI 
vlth  HFPD  and  DBBD  and  various  concentrations  of  Bacconate  200  yielded  resins 
having  a  pot-life  of  less  than  one  hour.  Formulating  roi  with  DBBD  and 
Bacconate  300  yielded  a  resin  which  bad  a  pot-life  of  approximately  one- 
half  hour.  Once  these  resins  are  polymerised,  they  cannot  be  reheated  to  a 
melt. 


REPORT  HO.  NAEC  AML  I636  3 


REFBREBCBS 

(ft)  BUAER  Itr  Aer-AE-U4/l27  of  Aug  1955 

(b)  HAXSTA  Itr  XM-52-SP:d8f  J2-5  (351?)  of  Aug  1955 

(c)  Report  Ho.  HANC  AML  AE  4420,  Pftrt  I  of  2  N&r  I956 

(d)  Report  Ho.  HAMC  AML  AE  1071,  (AE  4420,  Part  II )  of  I6  Oct  1958 

(e)  Report  Ho.  HAMC  AML  II31  (Project  Ho.  TED  HAM  AE  4420,  Part  III) 

of  22  Jun  i960 


REPORT  >0.  lAEC  AML  I636 


SOURCES  OF  MATERIALS 


Coipound 

2, 4-Tolylene-Dii8ocyanate 

3,3' -Bitolylene-U, U ' -Diisocyanate 

Dlphenylmetheuie-U, U ' -Dllsocyanate 
2-Batene>l,4-Dlol 

Hexafluoropentane  Dlol 

Tetrachlorobutane  Dlol 

DlbroBObutene  Dlol 


Source 


E.  I.  duPont  de  Eeaours  A  Co.,  Inc. 
Wllnlngton  98,  Delavare 

Matlonal  Aniline  Dirlsion 
Allied  Chemical  &  Dye  Corporation 
4o  Rector  Street 
New  York  6,  Ifev  York 

Same 

General  Aniline  A  Film  Corporation 
Commercial  Derelopment  Department 
433  Hudson  Street 
Hew  York  l4,  Mev  York 

Barker  Chemical  Corporation 
Niagara  Falls,  New  York 

General  Aniline  A  Film  Corporation 
CoHwreial  Derelopaent  Department 
433  Hudson  Street 
Hew  York  l4,  Mev  York 

Same 
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MELTIlfG  POIETS  USIHG  KOFFLER  HOT  STAGE  (*F) 


Saaple 


Moles  of 

Softening 

Point 

Initial 

Flow 

Coiplete 

Melt 

TDl(l) 

2B14d(2) 

1.0 

1.0 

1.1 

1.0 

212 

230 

473 

1.2 

1.0 

248 

293 

426 

1.3 

1.0 

226 

248 

392 

TDI 

hppd^3) 

1.0 

1.0 

mm^ 

381 

419 

1.1 

1.0 

24l 

284 

340 

1.2 

1.0 

248 

401 

473 

1.3 

1.0 

365 

388 

410 

TDI 

dbbd^^^ 

1.0 

1.0 

203 

214 

221 

1.1 

1.0 

207 

234 

273 

1.2 

1.0 

248 

374 

410 

1.3 

1.0 

— 

— 

TDI 

TCBD^5^ 

1.0 

1.0 

347 

392 

424 

Kacconate 

TDI 

200 

HFPD 

1.0 

0.5 

1.5 

158 

169 

190 

0.75 

0.75 

1.5 

255 

324 

Chaned  at 

572 

0.50 

1.0 

1.5 

243 

266 

302 

Kacconate 

TDI 

200 

DBBD 

1.0 

0.050 

1.5 

Sa^>le  Charred  at  572 - - 

0.75 

0.75 

1.5 

262 

313 

360 

0.50 

1.0 

1.5 

257 

293 

Charred  at 

477 

■OniS:  (1)  TDI  -  2,4-Tolylene-Dll8oc7aiiate 

(2)  2B14d  -  2-Butene-l,4-Diol 

(3)  HFPD  >  Hexafluoropentane  Diol 

(4)  DBBD  >  Dlteoaobutena  Dlol 

(3)  TCBD  >  Tetracblorobutane  Diol 


PIATl  2 
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Spec. 

No. 


FIEXURAL  DATA  PQR  HEXAFLIX^OPEMTANE  DIOL  (HFPD) 
_ AND  2.U-T0LYIENB-DIIS0CYAKATE  (TDI) 


Ultiaate 

Flexural 

Moles 

Width 

Thick. 

Loeul 

Strength 

E  X  10‘® 

TDI 

HFPD 

(in.) 

(Ihs.) 

(ps^) 

Avg. 

IesIL  ^ 

1.0 

1.0 

0.498 

0.124 

56 

21,904 

--No  Beaults-- 

0.513 

0.124 

53 

20,126 

0.502 

0.125 

54 

20,690 

0.509 

0.123 

52 

20,312 

0.516 

0.124 

52 

19,623 

20,500 

1.1 

1.0 

0.500 

0.088 

115 

89,600 

4.20 

0.499 

0.087 

115 

91,000 

4.17 

0.497 

0.090 

120 

89,300 

3.92 

0.050 

0.088 

116 

90,400 

4.11 

0.498 

0.089 

118 

90,100 

90,100 

3.97  4.07 

1.2 

1.0 

0.515 

0.089 

116 

85,500 

4.32 

0.516 

0.088 

114 

86,200 

4.48 

0.528 

0.089 

123 

88,500 

4.26 

0.521 

0.090 

122 

86,700 

4.14 

0.517 

0.090 

118 

84,500 

86,300 

4.29  4.30 

l.U 

1.0 

0.530 

0.103 

19 

8,407 

—No  Results— 

0.505 

0.111 

18 

8,696 

0.510 

0.110 

18 

8,752 

0.510 

0.112 

13 

6,113 

0.509 

0.111 

13 

6,903 

7,800 

PLATE  3 
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FIEXURAL  DATA  FOR  HEXAFLUQROPEKEAIE  DIOL  (HIFPD) 
ARD  2,U.T0LYLERE>DIIS0CYAKATE  (TDl), 

TESTED  AT  200*F  AFTER  EXPOSURE  TO  200*F  FOR  l/2  HOUR 


Ultimte 

Spec.  Moles  Width  Thick.  Load 
16.  TDI  HFPD  (in.)  (in.)  (lbs.) 


Flexural  , 

Strength  E  x  10"® 

(P«0  ^  (P»^)  ^ 


1.0  1.0 


■ot  Tested  Because  of  Delanlnation' 


1.1  1.0 


1.2  1.0 


0.502 

0.087 

32 

25,100 

0.512 

0.090 

39 

28,200 

3.»^3 

O.U95 

0.0^ 

35 

26,800 

3.55 

0.503 

0.068 

36 

27,900 

3.59 

0.500 

0.089 

34 

25,800 

26,800 

3.H3 

0.530 

0.090 

52 

36,400 

2.95 

0.527 

0.090 

49 

34,400 

3.35 

0.512 

0.088 

*^3 

32,700 

3.77 

0.518 

0.089 

46 

33,700 

3.70 

0.519 

0.088 

44 

33,000 

34,100 

3.87 

3.50 


3.‘^9 


l.U  1.0 


lot  Tested  Because  of  Delaaination' 


PLATE  k 
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FIZXURAL  DATA  FOR  DIBROMOBUTEME  DIOL  (DBBD)  AMD 
2.4-TOLYIgMB-DIISOCYAIIATE  (TDl)  TB8TED  AT  ROOM  TEMPERATURE 


Ultiaate 

Flexural 

Spec. 

Moles 

Width 

Thick. 

Load 

Strength 

E  X  10-8 

Mo. 

TOT” 

DBBD 

(in.) 

(in.) 

(lbs.) 

1 

1.0 

1.0 

0.512 

0.123 

95 

59,200 

3.95 

2 

0.501 

0.123 

95 

56,900 

3.66 

3 

0.511 

0.123 

95 

58,000 

3.75 

k 

0.497 

0.123 

98 

63,000 

3.90 

5 

0.513 

0.123 

88 

54,800 

58,400 

3.97 

3.85 

1 

1.1 

1.0 

0.495 

0.095 

l4o 

94,200 

4.23 

2 

0.520 

0.098 

154 

92,600 

4.08 

3 

0.511 

0.0^ 

150 

91,600 

4.23 

k 

0.495 

0.0^ 

139 

95,600 

4.4l 

4.24 

3 

0.522 

0.097 

155 

94,700 

93,900 

4.23 

1 

1.2 

1.0 

0.526 

0.101 

101 

56,400 

3.75 

2 

0.506 

0.096 

93 

59,900 

4.03 

3 

0.528 

0.097 

105 

63,500 

4.08 

k 

0.519 

0.100 

90 

52,000 

3.97 

3 

0.532 

0.101 

93 

51,400 

56,700 

3.92 

3.95 

1 

1.3 

1.0 

0.507 

0.100 

58 

34,800 

3.30 

2 

0.525 

0.096 

61 

38,200 

3.47 

3 

0.486 

0.096 

55 

36,900 

3.95 

4 

0.504 

0.095 

67 

44,300 

3.90 

3.68 

5 

0.505 

0.0^ 

63 

43,100 

39,500 

3.77 

PLATE  5 


REPORT  HO.  lAEC  AML  I636 


FUEXURAL  DATA  FOR  DISROMOBUTEME  DIOL  (DBBD)  AID 
2,4.T0LYIX1E-DIIS0CTAEATB  (TDl), 

TESTED  AT  200*F  AFTER  EXPOSURE  TO  200*F  FOR  l/2  HOUR 


Spec. 

■0. 

Moles 

?Di  5^" 

Width 

(in.) 

Thick. 

(in.) 

Ultiaate 

Load 

(lbs.) 

Flexural 

Strength 

(psi) 

Arg. 

E  X  10“^ 
(psi) 

Arg, 

1 

1.0 

1.0 

0.500 

0.097 

87 

55,500 

3.85 

2 

0.497 

0.097 

84 

54,000 

3.90 

3 

0.514 

0.098 

79 

48,100 

3.64 

k 

0.499 

0.096 

94 

58,900 

4.03 

5 

0.489 

0.097 

87 

56,700 

54,600 

4.08 

3.90 

1 

1.1 

1.0 

0.518 

0.094 

112 

69,000 

4.14 

2 

0.514 

0.095 

104 

67,400 

4.14 

3 

0.525 

0.098 

117 

69,600 

3.64 

U 

0.528 

0.097 

121 

73,900 

4.11 

5 

0.510 

0.098 

116 

71,000 

70,200 

3.90 

3.99 

1 

1.2 

1.0 

0.519 

0.099 

108 

63,600 

3.77 

2 

0.503 

0.099 

93 

56,600 

3.95 

3 

0.517 

0.0^ 

102 

64,300 

3.80 

k 

0.523 

0.097 

103 

62,800 

3.92 

5 

0.530 

0.102 

113 

61,500 

61,800 

3.35 

3.76 

1 

1.3 

1.0 

0.500 

0.100 

59 

35,400 

3.97 

2 

0.495 

0.099 

62 

38,400 

3.85 

3 

0.498 

0.095 

78 

52,200 

4.32 

4 

0.504 

0.095 

77 

50,900 

3.97 

5 

0.518 

0.0^ 

78 

47,100 

44,700 

3.70 

3.96 

PLATE  6 


REPORT  RO.  lAlC  AML  I636 


FTJQCURAL  DATA  FOR  HEXAFLtJOROPBlRAKE  DIOL  (HFPD),  KACCOXATE  200  AID 


2 . 4.TOLYLEHE-DIISOCTAIATE 


TESTED  AT  ROOM  TENPERATIKE 


Ultlaattt  Flexural 


Spec. 

Moles 

Width 

^ilck. 

Load 

Strength 

E  X  10'^ 

lo. 

roi 

HFPD 

200 

(in.) 

(lbs.) 

(P«iL 

1 

1.0 

1.5 

0.5 

0.532 

0.073 

42 

44,400 

3.97 

2 

0.530 

0.075 

43 

43,300 

3.70 

3 

0.533 

0.073 

38 

40,100 

3.80 

4 

0.536 

0.075 

42 

41,700 

3.55 

5 

0.532 

0.072 

38 

37,100 

41,300  4.03 

3.81 

1 

0.75 

1.5 

0.75  0.507 

0.085 

63 

51,800 

4.4l 

2 

0.513 

0.085 

65 

52,800 

4.05 

3 

0.513 

0.086 

72 

56,800 

3.97 

4 

0.519 

0.084 

66 

57,900 

4.23 

5 

0.514 

0.085 

62 

50,300 

53,900  4.00 

4.13 

1 

0.5 

1.5 

1.0 

0.473 

0.087 

50 

41,900 

3.68 

2 

0.472 

0.087 

53 

44,500 

3.73 

3 

0.471 

0.089 

51 

41,000 

3.69 

4 

0.474 

0.090 

53 

4l,400 

3.77 

5 

0.471 

0.0^ 

50 

42,100 

42,200  3*62 

3.70 

PLATE  7 


REPORT  >0.  lAlC  AML  I636 


FLBCORAL  DATA  FOR  HEXAFLOOROPIKAIB  DIOL  (KFFD),  IACCOBLTE  200  AID 
2,1»-T0LYLMB-DII80CYAIATB  TBSTB)  AT  200*F  AWER  RXPOSWl  TO  200*F  FOR  l/t  Wm 


UltlBAte  Flexural 


Spec. 

Moles 

Width 

Thick. 

Load 

Strength 

E  X  10“® 

lo. 

TDI 

(in.) 

(lbs.) 

(P*i) 

Arg.  (pel)  At*. 

1 

1.0  1.5 

0.5 

0.539 

0.075 

7 

6,900 

— Ro  Resolts-- 

2 

0.536 

0.072 

8 

8,600 

3 

0.533 

0.075 

7 

7,000 

0.532 

0.071 

6 

6,700 

5 

0.526 

0.077 

7 

6,700 

7,200 

1 

0.75  1.5 

0.75 

0.485 

0.084 

14 

12,300 

>-Ib  Results— 

2 

0.519 

0.085 

22 

17,600 

3 

0.515 

0.086 

17 

13,400 

4 

0.509 

0.084 

21 

17,500 

5 

0.517 

0.085 

21 

16,800 

15,500 

1 

0.50  1.5 

1.0 

0.473 

0.089 

9 

7,200 

—Bo  Results— 

2 

0.471 

0.096 

12 

9,MX) 

3 

0.470 

0.0^ 

14 

11,300 

4 

0.470 

0.087 

15 

12,600 

5 

0.470 

O.O87 

15 

12,600 

10,600 

PLATI  8 


■P'CO  lO  M  VJ1  ro  I-*  p-tji  lO  M 


RIPORT  ID.  XAK  AML  I636 


FISCORAL  DATA  FOR  OIBtONOBUIIlB  DIOL  (DBBD),  lACCOIATI  200,  AID 
2,4-TOLYLBII-DIISOCYAMATI  (TDI)  TEffm  AT  ROOM  TgUPmAflBg 


Sp«e. 

lb. 


5 


UltiMlt* 

Flexural 

Moles 

Width 

Thick. 

Lbad 

Strength 

E  X  10"® 

TDI 

DBBD 

200 

(in.) 

(lbs.) 

(psi) 

Avg. 

(P«^)  - 

1.0 

1.5 

0.5 

0.468 

0.096 

80 

55,700 

3.55 

0.468 

0.0^ 

78 

54,300 

4.01 

0.465 

0.097 

73 

50,000 

3.57 

0.469 

0.0^ 

83 

57,600 

3.62 

0.465 

0.0^ 

80 

55,900 

54,700 

3.64 

3.68 

0.75 

1.5 

0.75 

0.475 

0.093 

55 

40,100 

3.72 

0.485 

0.095 

53 

36,400 

3.69 

0.487 

0.0^ 

58 

38,800 

3.55 

0.470 

0.093 

57 

42,000 

4.06 

0.477 

0.093 

57 

41,400 

39,700 

3.79 

3.76 

0.5 

1.5 

1.0 

0.508 

0.096 

66 

42,300 

3.60 

0.508 

0.097 

65 

40,800 

3.76 

0.509 

0.095 

65 

42,500 

3.71 

0.516 

0.088 

60 

45,100 

4.30 

0.509 

0.099 

66 

39,700 

42,100 

4.70 

4.01 

PLATI  9 


REPORT  10.  lAlC  AML  I636 


PLEXURAL  SATA  FOR  DIStOJOBaTBlB  DIOL  (SIBD),  lACCOlATI  200  AID 
2,H.T0LTIE1E.DIIS0CTA1ATB  TBSXED  at  200*F 
_ AFTER  EXPOSURE  TO  200*F  FOR  l/2  HOIB _ 


Spec. 

16. 

TCl" 

Moles 

isssr 

Width 

(in.) 

Thick. 

(in.) 

Ultimte 

Load 

(lbs.) 

Flexural 

Strength 

(P»i) 

Arg. 

E  X  10"^ 
(P*l) 

Arg. 

1 

1.0 

1.5 

0.5 

0.469 

0.096 

80 

55,600 

3.25 

2 

0.465 

0.096 

72 

50,400 

3.40 

3 

0.466 

0.0^ 

78 

56,500 

3.67 

U 

0.464 

0.095 

79 

56,600 

3.47 

5 

0.469 

0.097 

78 

53,100 

54,400 

3.35 

3.‘»3 

1 

0.75 

1.5 

0.75  0.486 

0.098 

59 

39,500 

3.48 

2 

0.482 

0.096 

57 

38,500 

3A5 

3 

0.475 

0.0^ 

58 

39,700 

3.85 

k 

0.469 

0.0^ 

55 

38,200 

3.54 

5 

0.471 

0.095 

56 

39,500 

39,100 

3.72 

3.61 

1 

0.5 

1.5 

1.0 

0.513 

0.095 

58 

37,600 

3,20 

2 

0.516 

0.0^ 

57 

37,500 

3.50 

3 

0.505 

0.0^ 

60 

46,800 

3.21 

k 

0.508 

0.098 

58 

35,600 

3.06 

5 

0.511 

0.097 

54 

33,700 

38,400 

3.47 

3.29 

-PIATI  10 


■P'tJj  lO  I-*  VJ!  to  I-* 


RIPQRT  ID.  lAK  AML  I636 


rmilRAL  DATA  PGR  DmONOBUIllI  DIOL  (DUD);  XACCOIATl  3OO,  A» 
2.»».T0LYIJtg-DIIS0CTAMATl'n8TP)  AT  ROOM  IPCPATCKI 


UltlMkt*  Fl«xural 


Nol«a 

Width 

Thloh. 

LMl 

Strangth 

E  X  10“® 

WT 

“TOT 

isg 

ikii 

JlnJ 

(">■•) 

1.0 

1.5 

0.5 

0.h6h 

0.105 

156 

91,800 

4.18 

0.W5 

0.106 

i49 

85,800 

3.96 

0.465 

0.106 

161 

92,700 

3.69 

0.457 

0.106 

155 

90,800 

3.61 

0.450 

0.106 

158 

94,000 

91,000 

3.67  3.82 

TBSTB)  AT  200*y  AITP  KIP08WM  TO  200*?  FCB  l/2  HOIB 


0.470 

0.105 

110 

63,800 

3.09 

0.458 

0.107 

103 

59,200 

3,09 

0.468 

0.105 

117 

68,155 

3.40 

0.463 

0.106 

no 

63,600 

3.53 

0.454 

0.106 

126 

70,900 

65,100  3.^1 

PLAII  U 


REPORT  EO.  EAEC  AML  I636 


DIISOCYARATE  CORCE: 


HOiivsiaaDKOo  axvivioosiia 


RBPORT  M).  IMK  AML  I636 
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RSPORT  NO.  NAM  AML  I636 


